Background: Despite limited evidence of effect, ␤-blocker continuation has become a national quality improvement metric.
C
ARDIAC COMPLICATIONS are common after surgery. A recent study of more than 8300 patients demonstrated that myocardial infarction (MI) after noncardiac surgery occurred in 5% of patients, with nearly 75% of those happening in the first 48 hours. 1 Patients with a perioperative myocardial infarction had a nearly 6-fold increased risk of death at 30 days compared with those without myocardial infarction. Several studies have demonstrated reductions in perioperative cardiac events and mortality when high-risk patients take ␤-blockers before surgery. [2] [3] [4] [5] [6] [7] At least 1 randomized study demonstrated sustained survival benefit with continuation of ␤-blockers up to 2 years postoperatively, 2 but more recent studies showing adverse effects from high-dose metoprolol succinate before surgery have tempered the interest in initiating ␤-blockade for at-risk patients. 8 Distinct from the issue of ␤-blocker initiation, a far less controversial issue is the immediate withdrawal or discontinuation of ␤-blockers after surgery in patients taking ␤-blockers at home. ␤-Blocker continuation is considered a quality improvement metric based on very limited evidence. Immediate ␤-blocker with-drawal may cause a reflex tachycardia and increased cardiac demand. Independent of reflex tachycardia, ␤-blocker withdrawal may also create a deleterious perturbation of the physiological milieu created by ␤-blockers during a critical period of surgical stress. [9] [10] [11] Studies that have examined ␤-blocker withdrawal in the perioperative period have had small sample sizes, have been conducted in a limited number of settings, and have focused on patients undergoing vascular or cardiac surgical procedures. [12] [13] [14] [15] [16] The continuation of ␤-blockers in the perioperative setting is a measure in the Surgical Care Improvement Project (SCIP), which mandates that all surgical patients who take a ␤-blocker preoperatively receive a ␤-blocker on the day of surgery (defined as 24 hours prior to surgical incision through discharge from the postanesthesia care unit). 17 However, it has been unclear whether this quality improvement metric is sufficiently associated with improved outcomes in noncardiac surgery to make investment in accomplishing universal ␤-blocker continuation an effective use of resources. To evaluate the relationship of ␤-blocker withdrawal among intermediate-risk surgery across a broad spectrum of practice settings, we studied patients in Washington's Surgical Care and Outcomes Assessment Program (SCOAP, http://www.scoap.org), which is a prospectively gathered clinical quality improvement activity implemented at nearly all hospitals statewide where surgery is performed (n=55 hospitals). 18, 19 The purpose of this study was to evaluate the relationship among the continuation of ␤-blockers, survival, and cardiac complications in elective colorectal and bariatric surgical procedures.
METHODS

STUDY DESIGN
This study was approved by the University of Washington Human Subject Review Committee and the Washington State Department of Health. We conducted a retrospective cohort study using a linked in-hospital clinical registry (SCOAP), the Washington Comprehensive Health Abstract Reporting System (CHARS), and the state's vital records system. The Surgical Care and Outcomes Assessment Program draws data from medical records by trained, audited abstractors using standardized definitions (http://www.scoap.org/documents/index.html). Yearly auditing assured more than 98% data validity for all involved metrics. Data from patients at 38 SCOAP hospitals were available during the evaluation period. The state's hospital administrative discharge database (CHARS) includes administrative information on all hospitalizations and patient identifiers that allow for the tracking of subsequent hospitalizations. The CHARS data set also contains International Classification of Diseases, Ninth Revision procedure and diagnosis codes. The linked database allowed for identification of those patients who were rehospitalized at any medical center after a SCOAP index admission for any diagnoses. To determine mortality, CHARS and SCOAP were linked to the state's vital statistics records. Records of inpatient hospitalizations between the first quarter of 2008 and fourth quarter of 2009 at 38 hospitals across Washington were used to identify patients with a history of taking a ␤-blocker who were undergoing elective colon/rectal or bariatric procedures. Using this cohort, we assessed outcomes among those patients who did and did not receive perioperative ␤-blockers during their hospitalizations.
VARIABLE DEFINITIONS
Patient Risk Factors
The Surgical Care and Outcomes Assessment Program records were used to obtain sociodemographic and clinical characteristics, laboratory values, and operative type using a set of standard definitions. We used the Deyo modification of the Charlson Comorbidity Index to calculate a weighted index of comorbid conditions for each patient with the information gathered from clinical records. 20 Scores range from 0 to 3, where 0 indicates the absence of comorbid conditions and the score was truncated at 3 and greater.
Cardiac Risk Factors
We used Revised Cardiac Risk Index criteria to stratify patients by cardiac risk. 4 Of the 6 criteria (ischemic cardiac disease, congestive heart failure, cerebrovascular disease, insulin-dependent diabetes, chronic renal insufficiency, and high-risk surgery), we did not have information on cerebrovascular disease or congestive heart failure. Any patient with more than 2 Revised Cardiac Risk Index criteria was identified as a high-risk patient.
Types of Operation
Bariatric operations included laparoscopic and open Rouxen-y gastric bypass, laparoscopic gastric band placement, sleeve gastrectomy, biliopancreatic bypass with and without duodenal switch, vertical band gastroplasty, and revision of gastric bypass. Colon operations included right/transverse and left hemicolectomy, low anterior resection, abdominal perineal resection, total abdominal colectomy, stoma takedown, perineal proctectomy, and abdominal proctectomy. Methods of operation were specified as laparoscopic, open, laparoscopic converted to open, and laparoscopic/hand assisted.
␤-Blocker Administration
We limited our cohort to those patients known to be taking a ␤-blocker preoperatively based on medication and narrative reports. We identified patients who were administered ␤-blockers on the day of surgery (preoperatively within 24 hours of surgery or before leaving the postanesthesia care unit) and those who were prescribed ␤-blockers on postoperative day 1. Patients with contraindications of ␤-blocker use such as hypotension, critical bradycardia, or vasopressor use were excluded from the analysis.
We compared those who were not given ␤-blockers either on the day of surgery or postoperatively with those who were given ␤-blockers in both periods. In a secondary analysis, we evaluated the effect of missing just the preoperative dose of ␤-blockers compared with the effect of missing postoperative dosing.
Outcomes
The primary outcomes were 90-day mortality, cardiac complications, and combined adverse events (CAEs). Ninety-day mortality was defined as all-cause death 90 or fewer days after the procedure as ascertained from Washington vital records. Cardiac complications were defined as either a documented myocardial infarction and/or specific International Classification of Diseases, Ninth Revision codes as previously described related to cardiac events. 21 Readmissions for cardiac complications were defined as any hospital admission within 90 days of discharge from the index hospitalization using the same International Classification of Diseases, Ninth Revision codes. We also looked at the rate of these CAEs at 30 days and 1 year from the day of the procedure. Lastly, given the previous finding of an increased risk of stroke with preoperative ␤-blocker initiation, 8 we looked at the rate of inpatient cerebrovascular accident.
STATISTICAL ANALYSIS
Patient characteristics were summarized using frequency distributions for categorical variables and using means and standard deviations for continuous variables stratified by continuation of ␤-blockers perioperatively. With the same stratification, the 30-day, 90-day, and 1-year mortality; 90-day index and readmission cardiac complications; inpatient cerebrovascular accidents; and 90-day CAEs were summarized using frequency distributions. Pearson 2 statistics were used to compare characteristics and unadjusted event rates. Logistic regression models were created to evaluate the association between missing a dose of ␤-blocker perioperatively and outcomes adjusting for patient, clinical, and operative characteristics identified as statistically significant (PϽ.05) on univariate evaluation or found to be important in previous studies.
We evaluated the importance of missing ␤-blockers on the day of surgery by comparing patients who were not administered ␤-blockers only on the day of surgery with those who continued receiving ␤-blockers throughout the perioperative period using the same adjusted logistic regression model. We then repeated this evaluation for patients who were not administered ␤-blockers only during the postoperative period. We used Stata version 11 statistical software (StataCorp) for all analyses.
RESULTS
There were 8431 patients who underwent elective colorectal and bariatric procedures at 38 SCOAP hospitals between January 1, 2008, and December 31, 2009 ( Table 1 (Table 1) . Subjects who had ␤-blocker withdrawal were more likely to have disability qualifying Medicare, were less likely to be taking angiotensin-converting enzyme inhibitors, and had lower albumin levels ( Table 1 ).
The unadjusted rates of 90-day mortality were higher among those who had a missed dose of ␤-blockers at any point in the perioperative period ( Table 2) . Unadjusted rates of inpatient mortality, 30-day mortality, 1-year mortality, 90-day index cardiac complications, and 90-day readmissions with cardiac complications were not significantly different in the group who missed a dose of ␤-blockers (Table 2) .
After adjustment for calendar year, age, sex, coronary artery disease, and Charlson Comorbidity Index score, the odds of a 90-day CAE were almost 2-fold higher among those missing a dose of ␤-blockers on the day of surgery or postoperatively (odds ratio [OR], 1.97; 95% CI, 1.19-3.26) ( Table 3 ). The risk was even higher for those who were identified as high-risk patients using Revised Cardiac Risk Index criteria (OR, 5.91; 95% CI, 1.40-25.00) ( Table 3 ). There was an increased risk of CAEs in the 30-day period (OR, 2.10; 95% CI, 1.15-3.84) as well as in the 1-year period (OR, 1.66; 95% CI, 1.08-2.55), and an even greater risk among those with more Revised Cardiac Risk Index characteristics (Table 3) . In a secondary analysis, we looked at the effect of not administering ␤-blockers on the day of surgery but continuation in the postoperative period. We found a 90-day CAE rate of 5.4% (19 of 349 patients) in this group, compared with 2.8% (36 of 1304 patients) in those who continued ␤-blocker treatment throughout the perioperative period (P= 0.01). After adjusting for relevant covariates, we found a doubling of the odds of 90-day CAE if ␤-blockers were not administered only on the day of surgery (OR, 2.02; 95% CI, 1.11-3.68) ( Table 4) .
COMMENT
In this statewide evaluation of the continuation of ␤-blockers in patients undergoing colorectal and bariatric surgery, we found that a missed dose of ␤-blockers on the day of surgery and afterward was associated with significantly higher 90-day and 1-year mortality, cardiac complications, and CAEs. Our findings, based on the clinical records of patients from most hospitals in Washington across all types of medical centers and communities, suggest that ␤-blocker continuation is critical to avoiding cardiac complications. To our knowledge, this is the first largescale study evaluating the comparative effectiveness of this key SCIP cardiac metric in noncardiac surgery.
Several studies have demonstrated an association of perioperative ␤-blockers with decreased postoperative cardiac events and mortality. [2] [3] [4] [5] [6] [7] The Perioperative Ischemic Evaluation Study trial, the largest randomized, controlled trial of initiating preoperative ␤-blockers to date, 8 found that starting a high dose of ␤-blockers on the day of surgery reduced cardiac events and cardiac death but was associated with increased death and stroke. A large observational study looking at the benefit of ␤-blockers based on patients' Revised Cardiac Risk Index scores found that the benefit of ␤-blockers appeared greatest among patients with the highest cardiac risk. 7 Updated guidelines from the American College of Cardiology Foundation and the American Heart Association recommend limiting ␤-blocker initiation to high-risk patients undergoing higher-risk procedures. 22 In comparison, the information supporting perioperative ␤-blocker continuation in any patient undergoing surgery who is receiving longterm ␤-blocker treatment for an American College of Cardiology Foundation/American Heart Association class I indication (including coronary disease, angina, symptomatic arrhythmias, and hypertension) 22 is limited. There have been few small case series demonstrating an association of cardiac events subsequent to ␤-blocker withdrawal in nonoperative populations. 9, 11, 16, 23, 24 An early case report in the 1980s suggested that perioperative withdrawal may be detrimental and associated with a rebound syndrome potentially inducing coronary events and arrythmias. 25 In a group of patients undergoing vascular surgery, ␤-blocker withdrawal was associated with greater in-hospital 14 and 1-year mortality. 12 In the latter study, not receiving ␤-blockers among all higher-risk patients was associated with mortality, but withdrawal among patients previously receiving a ␤-blocker was associated with even worse outcomes. 12 To our knowledge, our study is the first to evaluate ␤-blocker withdrawal in a patient population undergoing intermediate cardiac risk surgery (noncardiac and nonvascular). Moreover, ours is the largest cohort of perioperative patients studied to date (n=1976).
A national campaign to encourage the continuation of ␤-blockers on the day of surgery has been led by the Centers for Medicare and Medicaid Services through the SCIP initiative, 17 yet the evidence underlying this metric is limited and adherence to it has been limited. This SCIP metric is completed in 93% of patients nationwide, with wide variability between 0% and 100%, 26 suggesting that ␤-blocker withdrawal is actually quite common even among the Medicare beneficiaries that SCIP reports. Data from SCOAP demonstrate that in the first quarter of 2008, 75.9% (142 of 187) of patients receiving long-term ␤-blocker treatment prior to undergoing a procedure were administered a ␤-blocker postoperatively and 57.2% (107 of 187) received it both on the day of surgery and postoperatively. The Surgical Care and Outcomes Assessment Program initiated a ␤-blocker continuation campaign focusing on all opportunities to continue ␤-blocker administration (both on the day of surgery and postoperatively). The strategy included a statewide education campaign, quarterly reports demonstrating benchmarked performance data by hospital, and the deployment of a SCOAP surgical checklist (now implemented in 100% of Washington hospitals; http://www .scoapchecklist.org). As part of the checklist, operating room teams review whether a patient is taking a ␤-blocker and are asked to formulate a plan for postoperative continuation of ␤-blockers in patients receiving ␤-blockers. Consequent to the introduction of the checklist campaign, the rates of ␤-blocker continuation increased to 71.3% (221 of 310 patients) for ␤-blocker administered both on the day of surgery and postoperatively and 93.4% (282 of 302 patients) for ␤-blocker administered postoperatively within 2 years. Our study is limited in several ways. We used allcause mortality (both alone and in combination with cardiac events) because most deaths that are directly caused by significant cardiac events occur before a timely diagnosis. The use of all-cause mortality may have included some patients who died of causes unrelated to cardiac complication. For this reason, we performed a sensitivity analysis with and without death included in the end point and found similar results. Some of the limitations of this study arise from the use of administrative data (CHARS) to evaluate postdischarge outcomes by its design (retrospective) and from the way health conditions and interventions are defined (using International Classification of Diseases, Ninth Revision diagnostic and procedural codes). Additionally, clinicians within and among hospitals may have variable approaches to caring for patients with cardiac risk. ␤-Blocker continuation by staff at any single hospital might also be a marker for better implementation of process measures in general, thus reducing cardiac complications and mortality through other causal pathways. We could not disentangle these from the effect of ␤-blocker continuation. Although SCOAP contains rich clinical data and we adjusted for relevant clinical factors including patient comorbidities and coronary artery disease, there is a possibility that patients who have ␤-blocker treatment discontinued may have worse outcomes independent of the ␤-blocker use. The Surgical Care and Outcomes Assessment Program does account for contraindications of ␤-blocker therapy including hypotension, critical bradycardia, vasopressor use, or any other documentation at the discretion of the clinical teams regarding a contraindication to its use. Patients with contraindications were excluded from the analysis. We did not have information on the route, dose, and brand of ␤-blocker used, thus limiting the ability to differentiate withdrawal based on medication half-life. ␤-Blockers have varied half-lives and may be differentially absorbed in the postoperative period when taken orally. 27 Those with a longer half-life may have had continued effect into the postoperative period, limiting the ability to decipher the effect of timing of administration. Lastly, the measure of postoperative ␤-blocker administration was based on record abstraction of physicians' medication orders rather than the documented administration of ␤-blockers. Neither the receipt of ␤-blockers nor the effect on heart rate control could be assessed using the current version of SCOAP. In conclusion, ␤-blocker withdrawal was associated with significantly higher rates of mortality, cardiac complications, and CAEs. This association appears to be long lasting, with similar differences in outcomes at 1 year. Our findings provide strong evidence to support the universal continuation of ␤-blockers in patients undergoing colorectal and bariatric operations. The effect of longerterm ␤-blocker continuation and effective heart rate control with ␤-blocker administration remains to be determined.
